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X-RAY IMPINGING POSITION ALIGNMENT
METHOD AND X-RAY TOMOGRAPHIC
IMAGING METHOD AND APPARATUS

BACKGROUND OF THE INVENTION

The present mvention relates to an X-ray 1mpinging,
position alignment method and an X-ray tomographic imag-
ing method and apparatus, and more particularly to an X-ray
impinging position alignment method for an X-ray emitting/
detecting apparatus that emits an X-ray generated from an
X-ray tube onto an X-ray detector through a collimator, and
an X-ray tomographic 1imaging method and apparatus for
performing 1maging with the X-ray impinging position
alignment.

In X-ray CT (computed tomography), an X-ray emitting/
detecting apparatus for emitting an X-ray generated from an
X-ray tube onto an X-ray detector through a collimator is
rotated around (i.e., scans) a subject to be examined, and
projection data for the subject 1s measured using the X-ray
in a plurality of view directions around the subject to
produce (i.e., reconstruct) a tomographic image based on the
projection data.

The X-ray emitting apparatus emits an X-ray beam having,
a width 1n which an 1maging range 1s contained and a certain
thickness 1n the direction perpendicular to the width. The
thickness of the X-ray beam 1s determined by the degree of
opening of an X-ray passing aperture of the collimator.

The X-ray detecting apparatus detects the X-ray by a
multi-channel X-ray detector comprising multiple X-ray
detector elements arranged 1n an array in the direction of the
X-ray beam width. The multi-channel X-ray detector has a
length (1.e., width) corresponding to the X-ray beam width
in the direction of the X-ray beam width, and a length (i.e.,
thickness) greater than the X-ray beam thickness in the
direction of the X-ray beam thickness.

Some X-ray detectors comprise the X-ray detector ele-
ment array having two rows to simultaneously obtain pro-
jection data for two slices. In such X-ray detectors, the two
rows ol the array are disposed adjacent to each other 1n
parallel, and the X-ray beam impinges upon the detector
equally apportioned in the thickness direction. Each thick-
ness of the X-ray beam 1impinging upon each of the two rows
of the array at the subjects 1socenter determines the slice
thickness of the tomographic 1mage.

In the X-ray tube, an X-ray focus shifts due to thermal
expansion caused by a temperature rise during use or the
like, resulting in displacement of the X-ray beam 1in the
thickness direction after passing through the collimator
aperture. If the X-ray beam 1s displaced in the thickness
direction, the distribution proportion of the X-ray beam
thickness between the two rows of the array varies and the
respective slice thicknesses for the subject projected on the
two series of the array become unequal.

Thus, a technique 1s employed involving providing the
two rows of the array with respective reference channels,
monitoring the ratio between X-ray counts at the reference
channels, detecting a shift in the X-ray impinging position 1t
the ratio 1s not equal to one, and adjusting the collimator
position, thereby controlling the X-ray impinging position to
remain at a fixed position.

However, since the above technique for controlling the
impinging position should be started only after the X-ray 1s
emitted and a scan 1s started, the X-ray impinging position
does not always coincide with a fixed position immediately
after the beginning of the scan, or rather 1t may be shifted
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from the fixed position more often than not. Accordingly,
there 1s a problem that an 1mage 1nitially obtained 1s subject
to quality degradation.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an X-ray impinging position alignment method to make an
X-ray 1mpinging position coincide with a fixed position
from the beginning of a scan, and an X-ray tomographic
imaging method and apparatus that performs 1maging with
such X-ray impinging position alignment.

In accordance with a first aspect of the present invention,
there 1s provided an X-ray impinging position alignment
method, 1n performing tomographic imaging by scanning a
subject using an X-ray emitting/detecting apparatus for
emitting an X-ray generated from an X-ray tube onto an
X-ray detector through a collimator, comprising the steps of:
predicting an X-ray focus position at the X-ray tube based on
the temperature of the X-ray tube prior to beginning the scan
and scan conditions intended to be currently used; and
adjusting a position of the collimator and/or a position of the
X-ray detector according to the predicted position so that the
X-ray generated from the X-ray tube 1impinges upon a fixed
position on the X-ray detector.

In accordance with a second aspect of the present
invention, there 1s provided an X-ray tomographic imaging
method, 1n performing tomographic imaging by scanning a
subject using an X-ray emitting/detecting apparatus for
emitting an X-ray generated from an X-ray tube onto an
X-ray detector through a collimator, comprising the steps of:
predicting an X-ray focus position at the X-ray tube based on
the temperature of the X-ray tube prior to beginning the scan
and scan conditions intended to be currently used; adjusting,
a position of the collimator and/or a position of the X-ray
detector according to the predicted position so that the X-ray
oenerated from the X-ray tube 1mpinges upon a fixed
position on the X-ray detector; and performing tomographic
imaging by scanning the subject using the X-ray emitting/
detecting apparatus after being position-adjusted by the
adjusting step.

In accordance with a third aspect of the present invention,
there 1s provided an X-ray tomographic 1maging apparatus
for performing tomographic 1maging by scanning a subject
using an X-ray emitting/detecting apparatus for emitting an
X-ray generated from an X-ray tube onto an X-ray detector
through a collimator, comprising: focus position predicting
means for predicting an X-ray focus position at the X-ray
tube based on the temperature of the X-ray tube prior to
beginning the scan and scan conditions intended to be
currently used; and position adjusting means for adjusting a
position of the collimator and/or a position of the X-ray
detector according to the predicted X-ray focus position so
that the X-ray generated from the X-ray tube impinges upon
a fixed position on the X-ray detector.

In any one of the first through third aspects of the
invention, it 1s preferred that the scan conditions include at
least a tilt angle of the X-ray emitting/detecting apparatus
and a scan time in that the X-ray focus position can be
predicted properly 1n an axial scan.

In any one of the first through third aspects of the
invention, 1t 1s preferred that the scan conditions include at
least a tilt angle and an azimuth angle of the X-ray emitting/
detecting apparatus 1n that the X-ray focus position can be
predicted properly 1n a stationary scan.

In the above cases, 1t 1s preferred that the scan conditions
further include an X-ray focus size in that the X-ray focus
position can be predicted properly when the X-ray focus size
1s changed.
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The X-ray impinging position alignment method and the
X-ray tomographic imaging method and apparatus of the
first through third aspects of the present invention can adjust
the position(s) of the collimator and/or the X-ray detector
according to the X-ray focus position predicted prior to
beginning a scan, causing the X-ray to impinge upon a fixed
position on the X-ray detector from the very beginning of the
scan.

Thus, the present invention can implement an X-ray
impinging position alignment method to make an X-ray
impinging position coincide with a fixed position from the
beginning of a scan, and an X-ray tomographic imaging,
method and apparatus that performs imaging with such
X-ray 1mpinging position alignment.

Further objects and advantages of the present invention
will be apparent from the following description of the

preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an apparatus 1n accordance
with one embodiment of the present invention.

FIG. 2 1s a schematic showing a detector array in the
apparatus shown 1 FIG. 1.

FIG. 3 1s a schematic showing an X-ray emitting/
detecting apparatus in the apparatus shown in FIG. 1.

FIG. 4 1s a schematic showing the X-ray emitting/
detecting apparatus in the apparatus shown in FIG. 1.

FIG. § 1s a schematic showing the X-ray emitting/
detecting apparatus 1n the apparatus shown in FIG. 1.

FIG. 6 1s a schematic showing a main portion of an X-ray
tube 1n the apparatus shown 1n FIG. 1.

FIG. 7 1s a schematic showing focus shift at the X-ray tube
and 1ts corresponding position adjustment of the collimator
in the apparatus shown i FIG. 1.

FIG. 8 1s a schematic showing focus shift at the X-ray tube
and 1its corresponding position adjustment of the detector
array 1n the apparatus shown in FIG. 1.

FIG. 9 1s a diagram showing scan conditions in calibrating
the apparatus shown in FIG. 1.

FIG. 10 1s a diagram showing scan conditions in calibrat-
ing the apparatus shown i FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will now be described 1 more
detail with reference to embodiments shown 1n the accom-
panying drawings. FIG. 1 shows a block diagram of an
X-ray CT apparatus which 1s one embodiment of the present
invention. The configuration of the apparatus represents an
embodiment of the apparatus 1n accordance with the present
invention, and the operation of the apparatus represents an
embodiment of the method 1n accordance with the present
invention.

As shown 1n FIG. 1, the apparatus comprises a scan gantry
2, an 1maging table 4 and an operator console 6. The scan
cgantry 2 has an X-ray tube 20. The X-ray tube 20 represents
one embodiment of the X-ray tube in accordance with the
present invention. The X-ray tube 20 1s provided with a
temperature detector (not shown). An X-ray (not shown)
emitted from the X-ray tube 20 1s formed 1nto, for example,
a fan-shaped X-ray beam by a collimator 22 and 1s made to
impinge upon a detector array 24. The collimator 22 repre-
sents one embodiment of the collimator 1n accordance with
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the present mvention. Also, the detector array. 24 represents
onc embodiment of the X-ray detector 1n accordance with
the present mnvention. The detector array 24 has a plurality
of X-ray detector elements arranged in an array 1n the
fan-shaped X-ray beam spreading direction. The configura-
tion of the detector array 24 will be described later.

The X-ray tube 20, the collimator 22 and the detector
array 24 together consfitute an X-ray emitting/detecting
apparatus. The X-ray emitting/detecting apparatus repre-
sents one embodiment of the X-ray emitting/detecting appa-
ratus 1n accordance with the present invention. The configu-
ration of the X-ray emitting/detecting apparatus will be
described later. The detector array 24 1s connected with a
data acquisition section 26 for acquiring data detected by the
individual X-ray detector elements in the detector array 24.

The data acquisition section 26 also acquires temperature
data of the X-ray tube 20.

The emission of the X-ray from the X-ray tube 20 1s
controlled by an X-ray controller 28. The connection rela-
tionship between the X-ray tube 20 and the X-ray controller
28 1s omitted in the drawing. The collimator 22 1s controlled
by a collimator controller 30. The connection relationship
between the collimator 22 and the collimator controller 30 1s
omitted 1n the drawing.

The above-described components from the X-ray tube 20
through the collimator controller 30 1s supported on a
rotating section 32 of the scan gantry 2. The rotation of the
rotating section 32 1s controlled by a rotation controller 34.
The connection relationship between the rotating section 32
and the rotation controller 34 1s omitted 1n the drawing. The
scan gantry 2 also has a tilt controller 36 for controlling tilt
operation of the scan gantry 2.

The imaging table 4 is for carrying a subject (not shown
in FIG. 1) into or out of an X-ray irradiation space in the scan
cgantry 2. The relationship between the subject and the X-ray
irradiation space will be described later.

The operator console 6 has a central processing unit 60
that 1s comprised of, for example, a computer. The central
processing unit 60 1s connected with a control interface 62,
which 1s 1n turn connected with the scan gantry 2 and the
imaging table 4.

The central processing unit 60 controls the scan gantry 2
and the 1maging table 4 via the control interface 62. The data
acquisition section 26, the X-ray controller 28, the collima-
tor controller 30, the rotation controller 34 and the ftilt
controller 36 1n the scan gantry 2 are controlled via the
control interface 62. The individual connections between
these sections and the control interface 62 are omitted 1n the
drawing. The central processing unit 60 represents one
embodiment of the focus position predicting means 1n
accordance with the present invention. A section consisting,
of the central processing unit 60, the control interface 62 and
the collimator controller 30 represents one embodiment of
the position adjusting means 1n accordance with the present
ivention.

The central processing unit 60 1s also connected with a
data acquisition buffer 64, which 1s 1n turn connected with
the data acquisition section 26 1n the scan gantry 2. Data
acquired at the data acquisition section 26 1s 1input to the data
acquisition buifer 64 and the buffer 64 temporarily stores the
input data.

The central processing unit 60 1s also connected with a
storage device 66 for storing several data, reconstructed

images, programs and the like. The central processing unit
60 1s morecover connected with a display device 68 that

displays a reconstructed image and other information output
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from the central processing unit 60, and an operating device
70 that 1s operated by a human operator to input several
commands and information to the central processing unit 60.

FIG. 2 schematically illustrates the configuration of the
detector array 24. The detector array 24 1s comprised of two
rows of multi-channel X-ray detectors 242 and 244 1n which
a multiplicity (e.g., of the order of 1,000) of X-ray detector
elements 24(i) are arranged in an arc shape. Reference
symbol ‘1’ designates a channel index and 1=1-1,000; for
example. The X-ray detectors 242 and 244 are disposed
adjacent to each other in parallel. A certain number of the
channels at both ends of the detector array 24 are used as
reference channels for each row. The reference channels lie
outside of a range within which the subject 1s projected in
Imaging.

FIG. 3 illustrates the interrelation among the X-ray tube
20, the collimator 22 and the detector array 24 in the X-ray
emitting/detecting apparatus. FIG. 3(a) is a front view and
(b) is a side view. Three mutually orthogonal coordinate
axes 1n a geometric space formed by the X-ray emitting/
detecting apparatus are designated as X, y and z. These
symbols are similarly used in the following drawings. As
shown 1n FIG. 3, the X-ray emitted from the X-ray tube 20
1s formed 1nto a fan-shaped X-ray beam 40 by the collimator
22 and impinges upon the detector array 24. In FIG. 3(a), the
spread of the fan-shaped X-ray beam 40, 1.e., the width of
the X-ray beam 40 1s illustrated. The fan surface of the X-ray
beam 40 is parallel to the x-y plane. In FIG. 3(b), the
thickness of the X-ray beam 40 1s illustrated. The X-ray
beam 40 1impinges upon the two rows of the X-ray detectors
242 and 244 with 1ts thickness equally apportioned. The
thickness direction of the X-ray beam 40 1s identical to the
z-direction. The z-direction 1s also 1dentical to the direction
of the rotation axis of the X-ray emitting/detecting appara-
tus.

As exemplarily shown 1n FIG. 4, a subject 8 placed on the
imaging table 4 1s carried into the X-ray irradiation space
with the subject’s body axis intersecting the fan surface of
the X-ray beam 40. The body axis of the subject 8 coincides
with the z-direction. A projection 1mage of the subject 8
sliced by the X-ray beam 40 1s projected on the detector
array 24. A half of the thickness of the X-ray beam 40 at the
1socenter of the subject 8 gives each of two slice thicknesses
‘th’ of the subject 8. The slice thickness ‘th’ 1s determined by
an aperture of the collimator 22.

A schematic diagram illustrating the impinging state of
the X-ray beam on the detector array 24 1s shown 1 FIG. 5§
in more detail. As shown, by displacing collimator blocks
220 and 222 1n the collimator 22 in the direction such that
the aperture 1s narrowed, the slice thicknesses ‘th’ of the
projection 1mages at the X-ray detector 242 and 244 can be
reduced. Similarly, if the collimator blocks 220 and 222 are
moved 1n the direction such that the aperture 1s widened, the
slice thicknesses ‘th’ of the projection 1mage can be
increased. If both of the collimator blocks 220 and 222
defining the slice thicknesses ‘th” are simultaneously moved
in the z-direction with their relative positional relationship
maintained, the impinging z-position on the detector array
24 can be adjusted.

Such slice thickness adjustment and 1impinging position
adjustment are achieved by the collimator controller 30. The
impinging z-position 1s detected based on the output ratio
between the respective reference channels of the two rows 1n
the detector array 24, and the position of the collimator 22
1s adjusted based on the detected signal so that the slice
thicknesses are equalized between the two rows of the
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detector array. A change of the impinging position with a
shift of the focus at the X-ray tube 1s thus corrected and the
X-ray beam 40 1s made to constantly impinge upon a fixed
position. This function 1s referred to as an autocollimator
hereinbelow.

It should be noted that the impinging z-position may be
adjusted by displacing the detector array 24 in the
z-direction relative to the collimator 22 as indicated by
broken arrow 1n FIG. §, mstead of moving the collimator
blocks 220 and 222. Thus, two mechanisms for adjusting the
slice thickness and for controlling the impinging position in
the thickness direction can be separated, thereby allowing
diversification of control. On the other hand, if the entire
control 1s carried out only by the collimator 22 as described
hereinbetore, the control mechanisms can be integrated all 1n
one, thereby satisfying the need to ssmplify configuration. It
will be easily recognized that these two means may be
combined to achieve the impinging position adjustment.

The X-ray emitting/detecting apparatus consisting of the
X-ray tube 20, the collimator 22 and the detector array 24
rotates around the body axis of the subject 8 (i.e., an axial
scan) with their interrelation maintained. Projection data for
the subject are acquired at a plurality (e.g., of the order of
1,000) of view angles per scan rotation. The acquisition of
the projection data 1s performed by a line consisting of the
detector array 24, the data acquisition section 26 and the data
acquisition buifer 64.

Based on the projection data for two slices collected 1n the
data acquisition buffer 64, the central processing unit 60
produces tomographic 1mages, 1.€., performs 1mage
reconstruction, for the two slices. The 1mage reconstruction
1s carried out by processing the projection data for, for
example, 1,000 views obtained from a scan during one
rotation using, for example, a filtered backprojection tech-
nique.

If the scan gantry 2 1s tilted by the tilt controller 36, the
rotation axis of the X-ray emitting/detecting apparatus (i.e.,
z-axis) is inclined with respected to the body axis of the
subject 8. This allows scanning of a slice plane slanted
counterclockwise or clockwise 1n the drawing of FIG. 4.

Moreover, a penetration image of the subject 8 1s captured
by emitting an X-ray with the rotation of the X-ray emitting/
detecting apparatus stopped and acquiring projection data
while moving the imaging table 4 1 the direction of the
body axis of the subject 8. Such penetration 1maging 1s
sometimes referred to as a stationary scan. The penetration
image may be obtained as a front 1mage, a side 1mage or an
oblique side 1mage at any arbitrary angle, corresponding to
the position of the X-ray tube 20 on the rotation orbit The
position of the X-ray tube 20 on the rotation orbit 1n the
penetration imaging 1s indicated by an angle (i.e., an
azimuth) relative to the y-direction.

FIG. 6 schematically shows the configuration of a main
portion of the X-ray tube 20, in which (a) is a front view and
(b) 1s a side view. As shown, a rotary anode 200 and a
cathode 202 are provided facing each other within an
evacuated tube (not shown). Between the rotary anode 200
and the cathode 202 1s applied a predetermined high voltage.
The rotary anode 200 1s driven by a drive section (not
shown) to rotate at a high speed. The rotary anode 200
hasaslope surface facing the cathode 202 onto which an
clectron beam 1s emitted from the cathode 202 to generate
the X-ray beam 40 by collision energy of the electron beam.

The electron beam 1mpinging area on the surface of the
rotary anode 200 can be switched between two areas, 1.€., a
small arca 204 and a large are 204", by switching the cathode
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202, for example. The small area 204 forms a small X-ray
focus for generating the X-ray beam 40, and the large arca
204' forms a large X-ray focus for generating the X-ray
beam 40'. The X-ray focus will be referred to simply as a
focus heremnafter.

The collision energy of the electron beam raises the
temperature of the rotary anode 200, and hence the tem-
perature of the X-ray tube 20. The temperature of the X-ray
tube 20 rises corresponding to the duration time of the X-ray
irradiation. The temperature rise 1s accompanied with ther-
mal expansion that causes the focus z-position to be dis-
placed. The direction of the displacement 1s 1dentical to the
direction in which the rotation axis of the rotary anode 200
extends, which will be designated as “+(plus)-direction” and
the opposite direction as “—(minus)-direction”.

Although the absolute amount of the displacement i1s
small, since the displacement 1s magnified by optical lever-
age with a fulcrum of the collimator aperture, it appears as
a significant shift distance on the X-ray impinging surface of
the detector array 24. The same applies to the focus shift due
to other factors as described below.

The focus z-shift 1s also resulted from the tilt of the scan
cgantry 2. Specifically, if the scan gantry 2 1s tilted counter-
clockwise in FIG. 4 (i.e., in the (+)-direction) the focus is
displaced in the (+)-direction, for example, and if the scan
gantry 2 1s tilted clockwise (i.e., in the (-)-direction) the
focus is displaced in the (-)-direction, for example.
Moreover, the focus z-position 1s affected by the rotation
speed of the scan gantry 2 during a scan. Specifically, since
a centrifugal force due to the rotation of the scan gantry 2
acts on the X-ray tube 20 and the force varies according to
the rotation speed, the focus shifts in the (+)-direction, for
example, as the rotation speed becomes high, 1.¢., the scan
fime becomes short.

Furthermore, when the focus 1s switched between the
large one and the small one by varying the electron beam
impinging arca on the rotary anode 200 as shown in FIG. 6,
the focus z-position shifts because of the slope of the
clectron beam impinging surface of the rotary anode 200. In
addition, when the stationary scan 1s performed, the focus
z-position 1s affected by the azimuth of the X-ray tube 20,
although not by the scan time. Specifically, when the azi-
muth is 0° the maximum displacement occurs in the (+)-
direction, for example, and when the azimuth is 180° the
maximum displacement occurs in the (-)-direction, for
example. Similarly, an azimuth between 0° and 180° results
in an 1ntermediate displacement.

The focus z-position 1s thus varied by the factors consist-
ing of at least the temperature of the X-ray tube 20, the tilt
angle of the scan gantry 2, the scan time, the focus size (large
or small), and the azimuth. Therefore, the central processing
unit 60 predicts the focus shift based on these factors at the
beginning of a scan, and calculates the z-offset distance of
the collimator 22 to make the impinging position of the
X-ray beam 40 coincide with a fixed position on the detector
array 24. Alternatively, if a mechanism for adjusting the
position of the detector array 24 1s provided, the z-offset
distance of the detector array 24 may be calculated to make
the 1impinging position of the X-ray beam 40 coincide with
the fixed position on the detector array 24. The position of
the collimator 22 (and/or the position of the detector array
24) 1s then adjusted according to the calculated value, and
the scan 1s started.

FIG. 7 shows a diagram representing the concept of the
focus shift and its corresponding position adjustment of the
collimator. Referring to FIG. 7, a standard state 1s defined as
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the state when the focus lies at a position 206 on a normal
line extending from the z-center of the detector array 24, and
a standard collimator position 1s defined as a position 230 of
the collimator 22 through which the X-ray beam 40
impinges upon the center of the detector array 24 in the
standard state.

When the focus shifts from the standard state to a position
206' in the left (+) direction in the drawing, in order to make
the X-ray beam 40' that emanates therefrom 1mpinge upon
the center of the detector array 24, the collimator 22 must be
oifset from the standard position 230 to a position 230’ in the
(+)-direction. Similarly, when the focus shifts from the
standard state to a position 206" in the right (-) direction in
the drawing, in order to make the X-ray beam 40" that
emanates therefrom 1mpinge upon the center of the detector
array 24, the collimator 22 must be offset from the standard
position 230 to a position 230" in the (-)-direction. The
oifset distance Z of the collimator 22 1s proportional to the
focus shift distance z, as given by the following equation:

7=G1-z, (1)

wherein the proportion constant G1 (gain) is a positive value
less than 1.

FIG. 8 shows a diagram representing the concept of the
focus shift and its corresponding position adjustment of the
detector array. When the focus shifts from the standard state
to a position 206' in the left (+) direction in the drawing, in
order to make the X-ray beam 40' that emanates therefrom
impinge upon the center of the detector array 24, the detector
array 24 must be offset from the standard position 240 to a
position 240" in the (-)-direction. Similarly, when the focus
shifts from the standard state to a position 206' in the right
(-) direction in the drawing, in order to make the X-ray
beam 40 that emanates therefrom 1impinge upon the center of
the detector array 24, the detector array 24 must be offset
from the standard position 240 to a position 240" in the
(+)-direction. The offset distance Z of the detector array 24
1s proportional to the focus shift distance z, as given by the
following equation:

7=G2-z, (2)

wherein the proportion constant G2 (gain) 1s a negative
value whose absolute value 1s greater than 1.

The 1inventors discovered that 1n the axial scan, the focus
shift distance and the aforementioned factors have a rela-
tionship as follows:

(3)

z=k+a{Tl_TZ(T—TZ)—l}H::{Ul_(_Uz)(U+U2)—1}—

.:{ Ty (V- Va) - 1}+d(2w £ 1),

wherein,

T: the temperature of the X-ray tube 1n percentage to the
operating temperature range,

11: the upper limit of the temperature range, for example,
90%,

12: the lower limit of the temperature range, for example,
10%,

U: the tilt angle

U1: the upper limit of the tilt angle in the (+)-direction, for
example, 30°,

U2: the upper limit of the tilt angle in the (-)-direction, for
example, 30°,
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V: the scan time,

V1: the longest scan time, for example, 3 seconds,
V2.
W: the focus size, ‘large’=1 and ‘small’=0, and

the shortest scan time, for example, 0.8 seconds,

a, b, ¢, d, k: constants.
The inventors also discovered that in the stationary scan,

the focus shift distance and the aforementioned factors have
a relationship as follows:

z:k"+r:1"{ ()

(T—TZ)—1}+b’{ (U+U2)—1}—

1 — 17 Uy —(=Up)

! 2 !
C{IBO_O(X—O)—1}+d QW + 1),

wherein,

T the temperature of the X-ray tube in percentage to the
operafing temperature range,

T1: the upper limit of the temperature range, for example,
90%,

12: the lower limit of the temperature range, for example,
10%,

U: the tilt angle

U1: the upper limit of the tilt angle in the (+)-direction, for
example, 30°,

U2: the upper limit of the tilt angle in the (-)-direction, for
example, 30°,

X: the azimuth,
W: the focus size, ‘large’=1 and ‘small’=0, and

a', b', ¢, d', k': constants.

The central processing unit 60 predicts the focus shift
distance z according to Eq. (3) in the axial scan and
according to Eq. (4) in the stationary scan, calculates the
distance Z over which the collimator 22 1s to be moved,
according to Eq. (1) using the predicted value, and performs
position adjustment via the collimator controller 30 based on
the calculated distance Z. It should be noted that the distance
Z 1s calculated according to Eq. (2) when the position of the
detector array 24 1s to be adjusted.

However, since Eq. (1) represents the case in which the
initial position of the collimator 22 coincides with the
standard position, the offset distance Z' of the collimator 22
is generally calculated using Eq. (5) given below that
contains a shift z0 of the current position of the collimator
22 from the standard position. It should be noted that the
current position of the collimator 22 1s always monitored by
the central processing unit 60. The same applies to the case
in which the position of the detector array 24 i1s to be
adjusted.

7'=G1-z-z0. (5)

The inventors further found equations for directly calcu-
lating the offset distance of the collimator 22 based on the
aforementioned factors, as given below. Although not being
specifically discriminated 1n the equations below, 1t 1s obvi-
ous that the prediction of the focus shift 1s 1nvolved.

With respect to the axial scan,

L'=Al+BU+CV+DW-K-z0, (6)
wherein,
A, B, C, D, K: constants.
With respect to the stationary scan,
L'=Al+BU+CX+DW-K-z0, (7)

10

15

20

25

30

35

40

45

50

55

60

65

10

wherein,

A, B, C, D, K: constants.

The constants A—K can be obtained by calibrating the
present apparatus. The calibration 1s performed by scans
with the scan conditions differentiated one by one. It will be
casily recognized that the calibrating scans are carried out
without supporting the subject 8.

The order of the scans and their respective conditions for
the axial scan are exemplarily shown 1n a table in FIG. 9.
First, the collimator 22 1s aligned with the standard position
and a first scan 1 1s performed 1n this state. As shown 1n the
table, the scan conditions are as follows: the temperature of
the X-ray tube 1s below 10% of the operating temperature
range, the tilt angle is —30°, the scan time 1s 3 seconds, and
the focus size 1s ‘small’. The scan 1s carried out with the
autocollimator function. Thus, the position of the collimator
22 1s automatically adjusted so that the impinging position
of the X-ray beam 40 1s at a fixed position. Then a collimator
position Z1 after bemng automatically adjusted i1s obtained.
7.1 reflects a focus position affected by the scan conditions
for the scan 1.

Next, a scan 2 1s performed. The scan conditions are the
same as those in the scan 1 except that the tilt angle is +30°.
From this scan, a position Z2 of the collimator 22 after being
automatically adjusted by the autocollimator 1s obtained. Z2
reflects a focus position affected by the scan conditions for
the scan 2 and differs from Z1 only in the effect of the tilt
angle.

Next, a scan 3 1s performed. The scan conditions are the
same as those 1n the scan 2 except that the focus size 1is
‘large’. From this scan, a position Z3 of the collimator 22
after being automatically adjusted by the autocollimator 1s
obtained. Z3 reflects a focus position affected by the scan

conditions for the scan 3 and differs from Z2 only in the
cifect of the focus size.

Next, a scan 4 1s performed. The scan conditions are the
same as those 1 the scan 3 except that the scan time 1s 0.8
seconds. From this scan, a position Z4 of the collimator 22
after being automatically adjusted by the autocollimator 1s
obtained. Z4 retlects a focus position affected by the scan
conditions for the scan 4 and differs from Z3 only in the
cifect of the scan time.

After these scans, an i1dle scan 1s continuously performed
to raise the temperature of the X-ray tube. During the 1dle
scan, the autocollimator function 1s not employed. When the
temperature of the X-ray tube reaches more than 90% of the
operating temperature range, a scan 3 1s performed. The scan
conditions are the same as those 1n the scan 4 except that the
temperature of the X-ray tube 1s greater than 90% of the
operating temperature range. From this scan, a position Z5
of the collimator 22 after being automatically adjusted by
the autocollimator 1s obtained. Z5 reflects a focus position
alfected by the scan conditions for the scan § and differs
from Z4 only 1n the effect of the temperature of the X-ray
tube 20.

The data Z1-7Z5 thus obtained are used to calculate the
constants A—K according to the equation as follows:

L _Z5-m (3)
T =T
B 72— 71
U= (=Uy)’
74— 73
C = ,
Vo — V)
D=73-72, and
K=71,

wherein T1, T2, Ul, U2, V1 and V2 are the same as those
in Eq. (3).
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The order of the scans and their respective conditions for
the stationary scan are exemplarily shown 1n a table i FIG.
10. First, the collimator 22 1s aligned with the standard
position and a first scan 1 1s performed 1n this state. As
shown 1n the table, the scan conditions are as follows: the
temperature of the X-ray tube 1s below 10% of the operating
temperature range, the tilt angle is —=30°, the azimuth is 0°,
and the focus size 1s ‘small’. The scan 1s carried out with the
autocollimator function. Thus, the position of the collimator
22 1s automatically adjusted so that the 1mpinging position
of the X-ray beam 40 1s at a fixed position. Then a collimator
position Z1 after being automatically adjusted 1s obtained.

Next, a scan 2 1s performed. The scan conditions are the
same as those in the scan 1 except that the tilt angle is +30°.
From this scan, a position Z2 of the collimator 22 after being
automatically adjusted by the autocollimator 1s obtained.

Next, a scan 3 1s performed. The scan conditions are the
same as those 1n the scan 2 except that the focus size 1s
‘large’. From this scan, a position Z3 of the collimator 22
after being automatically adjusted by the autocollimator 1s
obtained.

Next, a scan 4 1s performed. The scan conditions are the
same as those in the scan 3 except that the azimuth is 180°.
From this scan, a position Z4 of the collimator 22 after being
automatically adjusted by the autocollimator 1s obtained.

After these scans, the X-ray irradiation 1s continuously
performed to raise the temperature of the X-ray tube. During
this time, the autocollimator function is not employed. When
the temperature of the X-ray tube reaches more than 90% ot
the operating temperature range, a scan 3 1s performed. The
scan conditions are the same as those 1n the scan 4 except
that the temperature of the X-ray tube 1s greater than 90% ot
the operating temperature range. From this scan, a position

7.5 of the collimator 22 after being automatically adjusted by
the autocollimator 1s obtained.

The data Z1-Z5 thus obtained are used to calculate the
constants A—K according to the equation as follows:

— 74 (9)
A= ,
-1

- Z22-7I

U= (U,
C_y—ﬁ

- 0-180°
D=73-72, and
K=71,

wherein T1, T2, U1, and U2 are the same as those in Eq. (4).

Egs. (5), (6) and (7) each represent the case in which the
X-ray beam 40 1s emitted so that the slice thicknesses at the
two detector rows are equalized, but if the slice thickness
ratio of the two detector rows is generally 1:n (nZ1), a
correction can be made for displacing the position of the
collimator 22 to the side having a greater slice thickness
ratio by a distance ‘zn’ given as follows:

M
l+n

(10)

1+n]

ZH:(H— D

wherein,

M: the total width of the collimator aperture.

Now the operation of the present apparatus will be
described. The operation of the apparatus proceeds under
control of the central processing unit 60 based on commands
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1ssued by a human operator. The operator inputs the imaging
conditions via the operating device 70. The imaging condi-
tions include the tube voltage, the tube current, the slice
thickness, the slice position, the tilt angle, the scan time, the
focus size, and the like. In the stationary scan, the azimuth
1s included instead of the scan time. Although description
will be made with reference to the axial scan hereinafter, the
same applies to the stationary scan. Moreover, although
description will be made with reference to the case in which
the position of the collimator 22 1s adjusted, the same applies
to the case of adjusting the position of the detector array 24
or the case of adjusting the positions of the collimator 22 and
the detector array 24.

The central processing unit 60 predicts the focus
z-position of the X-ray tube 20 at the beginning of a scan
from the scan conditions and the temperature measurement
of the X-ray tube 20 based on Eq. (3), and calculates the
z-position Z' of the collimator 22 from Eq. (5). Alternatively,
the z-position Z' of the collimator 22 1s directly calculated

based on Eq.(6).

Next, based on a command 1ssued by the operator, the
imaging table 4 supporting the subject 8 1s positioned and
subsequently the rotating section 32 of the scan gantry 2 1s
rotated and an X-ray 1s emitted to start an axial scan. Since
the z-positon Z' of the collimator 22 has been adjusted
corresponding to the focus position z of the X-ray tube 20 at
the beginning of the scan, the X-ray beam 40 impinges upon
a fixed position on the detector array 24 from the beginning,
of the scan. In addition, with respect to the focus shift due
to a temperature rise of the X-ray tube that occurs from the
beginning of the scan, the impinging position is stabilized by
the autocollimator function.

The central processing unit 60 performs image recon-
struction based on view data acquired during the scan. The
image reconstruction i1s performed by processing the view
data by a techmique such as filtered backprojection. A
tomographic image of the subject 8 1s obtained by the image
reconstruction. Since the X-ray impinges upon a fixed
position on the detector array 24 from the beginning, the
reconstructed 1mage can be obtained with a good quality
from the beginning.

Since the detector array 24 has two parallel rows of X-ray
detectors, tomographic images for two adjacent slices can be
simultaneously obtained 1n one scan. This improves efli-
ciency 1n performing a multi-slice scan or a helical scan. The
reconstructed 1mage 1s displayed on the display device 68
and also 1s stored in the storage device 66.

Thus, prior to beginning a scan, the focus position at the
X-ray tube 20 1s predicted and the initial position of the
collimator 22 etc. 1s adjusted so that the X-ray beam 40
impinges upon a lixed position on the detector array. It is
preferred that such position adjustment be performed when-
ever the scan dwell time exceeds one hour, for example, in
order to obtain an 1mage with a good quality. Even when the
dwell time does not exceed one hour, the position adjustment
should be performed 1f the temperature of the X-ray tube
falls below 10% of the operating temperature range.

Moreover, 1n other cases, 1t 1s recommended that the
position adjustment be performed when the difference
between a predicted off;

set amount obtained from the scan
conditions intended to be currently used and a predicted
oifset amount obtained from the scan conditions previously
used exceeds a certain limit. Furthermore, 1t 1s preferred that
the position adjustment be performed each time 1maging
series or examination 1s changed 1n order to obtain an 1mage
always with a good quality.

Although reference 1s made to a detector array consisting
of two rows of X-ray detectors in the preceding description,
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it may consist of multiple rows, 1.€., three or more rows, or
obviously 1t may be a single-row detector array.

Many widely different embodiments of the invention may
be configured without departing from the spirit and the
scope of the present invention. It should be understood that
the present 1nvention 1s not limited to the specific embodi-
ments described 1n the specification, except as defined 1n the
appended claims.

What 1s claimed 1s:

1. An X-ray impinging position alignment method used
perform tomographic 1maging by scanning a subject posi-
fioned on a gantry using an X-ray emitting/detecting appa-
ratus which emits an X-ray beam generated by an X-ray tube
onto an X-ray detector through a collimator, said method
comprising the steps of:

obtaining at least two of the following: temperature of
said X-ray tube, tilt angle of said gantry, scan time,
focus size of said X-ray beam, and azimuth of said
X-ray beam;

calculating an X-ray focus shift at said X-ray tube based
on said at least two of said temperature, tilt angle, scan
time, focus size and azimuth; and

providing an offset distance of said collimator and/or said
X-ray detector according to said calculated shift so that
said X-ray beam coincides with a predetermined posi-
tion on said X-ray detector.

2. An X-ray tomographic 1imaging method used to per-
form tomographic imaging by scanning a subject positioned
on a gantry using an X-ray emitter/detector apparatus which
emits an X-ray beam generated by an X-ray tube onto an
X-ray detector through a collimator, said method comprising
the steps of:

obtaining at least two of the following: temperature of
said X-ray tube, tilt angle of said gantry, scan time,
focus size of said X-ray beam, and azimuth of said
X-ray beam;

calculating an X-ray focus shift at said X-ray tube based

on said at least -two of said temperature, tilt angle, scan
time, focus size and azimuth;

providing an offset distance of said collimator and/or said
X-ray detector according to said calculated shift;

adjusting position of said collimator and/or said X-ray
detector using said offset distance so that said X-ray
beam impinges on a predetermined position on said
X-ray detector; and

performing tomographic 1imaging by scanning said sub-
ject using said X-ray emitter/detector apparatus after
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said collimator and/or said X-ray detector 1s position
adjusted 1n the foregoing step.

3. An X-ray tomographic imaging apparatus for perform-
ing tomographic 1maging by scanning a subject positioned
on a gantry using an X-ray emitter/detector apparatus which
emits an X-ray beam generated by an X-ray tube onto an
X-ray detector through a collimator, said apparatus com-
Prising;:

means for obtaining at least two of the following: tem-

perature of said X-ray tube, tilt angle of said gantry,
scan time, focus size of said X-ray beam, and azimuth
of said X-ray beam;

means for calculating an X-ray focus shift at said X-ray
tube based on said at least two of said temperature, tilt
angle, scan time, focus size and azimuth;

means for providing an offset distance of said collimator
and/or said X-ray detector based on said shift calcu-
lated 1n the prior step; and

means for adjusting position of said collimator and/or said
X-ray detector according to said offset distance so that
said X-ray impinges on a predetermined position on
said X-ray detector.

4. The method of claim 1, wherein said obtaining step
obtains three or more of the following: temperature of said
X-ray tube, tilt angle of said gantry, scan time, focus size of
saild X-ray beam, and azimuth of said X-ray beam; and
wherein said calculating step calculates an X-ray focus shift
at said X-ray tube based on said three or more of said
temperature, tilt angle, scan time, focus size and azimuth.

5. The method of claim 2, wherein said obtaining step
obtains three or more of the following: temperature of said
X-ray tube, tilt angle of said gantry, scan time, focus size of
saild X-ray beam, and azimuth of said X-ray beam; and
wherein said calculating step calculates an X-ray focus shift
at said X-ray tube based on said three or more of said
temperature, tilt angle, scan time, focus size and azimuth.

6. The apparatus of claim 3, wherein said means for
obtaining obtains three or more of the following: tempera-
ture of said X-ray tube, t1lt angle of said gantry, scan time,
focus size of said X-ray beam, and azimuth of said X-ray
beam; and wherein said means for calculating calculates an
X-ray focus shift at said X-ray tube based on said three or
more of said temperature, tilt angle, scan time, focus size
and azimuth.
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